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AbSTr ACT

Objectives Since 2011, early benefit assessment of all new 
drugs launched in Germany is mandatory. The exact determina-
tion of the appropriate target population (i. e. patients eligible 

for a drug) plays an important role for subsequent price nego-
tiations. In type 2 diabetes, the size of the target population 
varies considerably between company dossiers submitted for 
assessment. Our aim was to explore whether routine data from 
all persons insured in German statutory health insurance (SHI) 
funds can be used to derive information on the size of the tar-
get population with type 2 diabetes.
Methods We explored how the data available at the German 
Institute of Medical Documentation and Information (DIMDI) 
can be used to obtain the information required. A data-based 
concept was chosen and the selection criteria were developed 
in a multidisciplinary project group. Before finalizing the data-
base query, the criteria were evaluated in a test database and 
the database query was then repeatedly modified.
Results At the time of the design of our analysis in 2017, the 
most recent data available at DIMDI were for 2013. The algo-
rithm we developed for identifying patients with type 2 diabe-
tes and classifying them according to their medication, based 
primarily on the combination of ICD and ATC codes, enabled 
us to determine the size of target populations for different in-
dications in diabetes mellitus type 2.
Conclusion Our methodological approach seems to be suit-
able to determine target populations in type 2 diabetes.

ZuSAMMenfASSung

Einleitung Seit 2011 durchlaufen in Deutschland alle neu 
zugelassenen Arzneimittel die frühe Nutzenbewertung. 
Pharmazeutische Unternehmen reichen ein Dossier beim Ge-
meinsamen Bundesausschuss G-BA ein, der das Institut für 
Qualität und Wirtschaftlichkeit im Gesundheitswesen (IQWiG) 
mit dessen Bewertung beauftragen kann. Die Bestimmung der 
Zielpopulation (d. h. der Anzahl der Patientinnen und Patient-
en, für die ein Arzneimittel infrage kommt) ist u. a. bedeutend 
für die nachfolgenden Preisverhandlungen. Bei neu zugelass-
enen Arzneimitteln in der Indikation Diabetes mellitus Typ 2 
variiert die Größe der Zielpopulation beträchtlich zwischen den 
Dossiers. Ziel dieses Projekts war zu untersuchen, ob Routine-
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Introduction
Since 2011, an early benefit assessment has been required for all 
new drugs launched in Germany [1]. Evidence submitted in dossi-
ers by pharmaceutical companies is assessed by the Institute for 
Quality and Efficiency in Health Care (IQWiG) Germany’s health 
technology agency, followed by an appraisal by the supreme deci-
sion-making body in the German health care system, the Federal 
Joint Committee (G-BA). The exact determination of the size of the 
appropriate target population (i. e. patients eligible for a specific 
drug within a one-year period) is important for subsequent price 
negotiations. The target population in type 2 diabetes is classified 
into several groups based on the type of antidiabetic medication 
prescribed. As a result, patients are assigned to the following, most 
common, groups: patients with antidiabetic monotherapy, with 
dual fixed- or loose-dose combination therapy, and with triple or 
more combination therapy. If insulin is part of the therapy regimen, 
classification of patients took place separately.

In type 2 diabetes, the size of the target population varies con-
siderably between the company dossiers submitted for assessment 
[2]. In Germany, non-commercial public health surveillance data-
bases are currently only in the process of being established [3]. 
Pharmaceutical companies therefore usually obtain information 
on the size of the target population reported in dossiers from rou-
tine data analyses of various commercial databases. These analy-
ses differ with regard to the database, the inclusion criteria and the 
calculation methods applied. Furthermore, the reporting of these 
methods is often incomplete [2].

Our aim was to explore whether routine data from all persons 
insured in German statutory health insurance (SHI) funds can be 
used to derive information on the size of the target population in 
type 2 diabetes. So far, no standard procedures are available to de-
fine different types of diabetes patients with the explicit use of rou-
tine data [4]. Reported possible misclassifications of type1 and type 
2 diabetes are the main challenge [5]. As an indicator of the valid-
ity of our methodology, we also decided to calculate the prevalence 
of type 1 and 2 diabetes in the German population to enable a com-
parison with published data. In this publication, we focus on the 
methodology of the approach. More information about the results, 
as compared to other approaches, will be available in subsequent 
publications as well as in the final report on the IQWiG website.

Methods
The prevalence of diabetes varies between different SHI funds in 
Germany due to differences in the characteristics of the SHI mem-
bers (e. g. distribution of age, sex, social status, regions). We there-
fore decided to use data from the German Institute of Medical Doc-
umentation and Information (DIMDI), which has a database cover-
ing all of the approximately 70 million SHI fund members [6]. The 
DaTraV (“Datentransparenzverordnung”, data transparency regu-
lation) data are generated from the yearly national morbidity risk 
compensation scheme (Morbi-RSA) between the different SHI 
funds and are collected by the Federal Insurance Office. Since the 
implementation of the data transparency regulation in 2012, au-
thorized organizations may use aggregated data to answer prede-
fined research questions. In this process, to guarantee the anonym-
ity of the SHI members, a group reported in the result tables has 
to consist of at least 30 patients. The DIMDI DaTraV database con-
tains, among other things, the following information [7]: adminis-
trative data of the SHI members (e. g. year of birth, sex, days in-
sured), inpatient and outpatient diagnoses (International Classifi-
cation of Diseases ICD-10 code), data on outpatient medication 
(pharmaceutical registration number). No information on specific 
medical parameters (e. g. HbA 1c) is available. Data on SHI mem-
bers whose membership terminated (for whatever reason, e. g. 
death) are eliminated from the database. At the time of the design 
of our analysis (2017), data of the year 2013 were the most recent 
available at DIMDI.

A comprehensive database query is necessary to access the 
DaTraV data. The query is developed by the applicant or by the 
DaTraV data analyst. For the generation of the database query and 
the analysis of the results, an in-depth understanding of routine data 
analyses and of diabetes and its treatment is required. The project 
team, which was formed at the beginning of 2017, comprised a dia-
betologist, an expert for routine data analyses of patient data (mem-
ber of the research group “PMV forschungsgruppe”), and IQWiG re-
searchers with expertise in early benefit assessments of antidiabetic 
drugs. Based on the structure of the DIMDI DaTraV database, the 
team had to define selection criteria in order to

(1) Reliably identify patients with diabetes,
(2) Distinguish patients with type 2 diabetes from patients with 

other types of diabetes and
(3) Classify patients into different medication groups.

daten dafür geeignet sind, den Umfang von Zielpopulationen 
in der Indikation Diabetes mellitus Typ 2 zu bestimmen.
Methodik Als Datenbasis wurde der Datensatz des Deutschen 
Instituts für Medizinische Information und Dokumentation 
(DIMDI) gewählt, da dieser Routinedaten aller gesetzlichen 
Krankenversicherungen in Deutschland umfasst. Die Entwick-
lung der Einschlusskriterien erfolgte durch ein interdisziplinäres 
Projektteam. Dabei wurde ein datenbasiertes Vorgehen ver-
folgt: Bei der Entwicklung des Abfrageskripts wurden Ein-
schlusskriterien an einer Testdatenbank wiederholt geprüft und 
angepasst.

Ergebnisse Die Datenbankabfrage beim DIMDI bezog sich auf 
Daten des Jahres 2013, da diese zum Zeitpunkt der Entwicklung 
des Abfrageskripts im Jahr 2017 den aktuellsten Datenstand 
des DIMDI darstellten. Es wurde durch Kombination von ICD- 
und ATC-Codes ein differenzierter Algorithmus entwickelt, um 
Patientinnen und Patienten mit Diabetes Typ 2 zu identifizieren 
und entsprechend der verordneten antidiabetischen Arznei-
mittel in Anwendungsgebiete zu klassifizieren.
Diskussion Der gewählte methodische Ansatz ermöglichte 
es, den Umfang von Zielpopulationen für verschiedene An-
wendungsgebiete in der Indikation Diabetes mellitus Typ 2 zu 
bestimmen.
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Moreover, the target population referred to patients with type 2 
diabetes continuously treated within a period of exactly one year.

In several project meetings, we discussed different approaches 
regarding the choice and combination of selection criteria ap-
proaches like the one applied in the CoDiM-study analyzing the cost 
burden of diabetes mellitus [8, 9]. A data-based concept was cho-
sen: Before finalizing the database query, we repeatedly tested our 
set of selection criteria in the database of a large SHI fund and ex-
amined the impact of modifications.

Results

1. Identification of patients with diabetes
As the target population had to have been continuously treated 
over a one-year period, only those patients insured continuously 
in 2013 and at least one day in 2014 were included. Moreover, de-
tailed and consistent data on the age and sex of these patients had 
to be available in the database. To identify all patients with diabe-
tes, we chose a combination of three criteria: a corresponding ICD 
diagnosis, repeated prescriptions of antidiabetic drugs, and exclu-
sion criteria.

All inpatients and outpatients for whom a repeated ICD diagno-
sis for diabetes (acc. to E10 to E14, ▶Table 1) could be found in at 
least two quarters of 2013 were included (so called M2Q criteria). 
For all outpatients, a specification of the diabetes diagnosis “G” 
(“gesichert”), i.e “confirmed” was essential to exclude those pa-
tients for whom the diagnosis had not been conclusively confirmed 
during the period considered.

In cases where a corresponding ICD diagnosis for diabetes ex-
isted in only one quarter, we also considered prescriptions of anti-
diabetic drugs. To identify these prescriptions, at first, the pharma-
ceutical registration numbers in the database had to be linked to 
corresponding Anatomic-Therapeutic Chemical (ATC) classification 
system codes [10]). All ATC codes for antidiabetic drugs (A10) were 
included, with a separate consideration of insulin (A10A) and other 
antidiabetic drugs (A10B). The ATC code A10X (other antidiabetic 
drugs) was excluded, as the number of cases was too small to en-
sure the anonymity of the SHI members and no information could 
therefore be obtained from the DIMDI DaTraV database. In cases 
of no existing diabetes diagnosis, we included those cases with at 
least two days of prescriptions of antidiabetic drugs within the one-
year period and no documentation of other specific diagnoses (ICD-
10 diagnoses leading to exclusion are listed in ▶Table 2).

▶Table 3 presents an overview of the combination of the three 
inclusion criteria.

2. Classification of patients with type 2 diabetes
To identify all patients with type 2 diabetes as accurately as possi-
ble, we developed a methodological approach in cooperation with 
our diabetologist. Since patients could have visited different phy-
sicians in 2013 (e. g. general practitioner, diabetes specialist, hos-
pital physicians) who made different diagnoses, it is possible that 
different ICD-10 diagnoses were available for the same patient 
within the course of the year analysed. To distinguish between pa-
tients with different types of diabetes, we developed a classifica-
tion scheme based on a combination of ICD and ATC codes and par-
ticularly considered prescriptions of insulin and other antidiabetic 
drugs (▶fig. 1).
To classify patients as having type 2 diabetes, the following con-
stellations needed to apply:

 ▪ an ICD-10 diagnosis of E11.- or E12.- and no ICD-10 diagnosis 
of E10.-

 ▪ a combination of the ICD-10 diagnosis E10.- and E11.-/E12.- 
and prescriptions of other antidiabetic drugs than insulin 
(insulin prescriptions were also possible)

 ▪ a combination of the ICD-10 diagnosis E10.- and E11.-/E12.- 
and no antidiabetic prescriptions

 ▪ an ICD-10 diagnosis of E10.- and no insulin prescriptions
 ▪ an ICD-10 diagnosis of E14.- alone and prescriptions of other 

antidiabetic drugs than insulin (insulin prescriptions were also 
possible)

 ▪ an ICD-10 diagnosis of E14.- alone and no prescription of an 
antidiabetic drug

 ▪ patients without the ICD-10 diagnoses E10.- to E14.- but with 
prescriptions of other antidiabetic drugs than insulin (insulin 
prescriptions were also possible)

▶Table 1 ICD-10 diagnoses.

ICD-10 code Description

E10.- Type 1 diabetes mellitus

E11.- Type 2 diabetes mellitus

E12.- Malnutrition-related diabetes mellitus

E13.- Other specified diabetes mellitus

E14.- Unspecified diabetes mellitus

▶Table 2 ICD-10 diagnoses excluded.

ICD-10 code Description

E28.2 polycystic ovarian syndrome

E66.- obesity 

O24.4 / O24.9 diabetes mellitus arising in pregnancy 

R73.- elevated blood glucose level

▶Table 3 Combination of the inclusion criteria.

Criteria

Included  ≥ 2 quarters with a diagnosis of diabetes mellitus

1 quarter with a diagnosis of diabetes mellitus 

AND  ≥ 1 day with a prescription of an antidiabetic drug

 ≥ 2 days with a prescription of an antidiabetic drug 

WITHOUT an exclusion diagnosis * 

excluded 1 day with a prescription of an antidiabetic drug 

WITHOUT a diagnosis of diabetes mellitus

 ≥ 2 days of prescriptions of an antidiabetic drug 

WITHOUT a diagnosis of diabetes mellitus but

WITH an exclusion diagnosis * 

1 quarter with a diagnosis of diabetes mellitus 

WITHOUT a prescription of an antidiabetic drug

 * see ▶Table 2
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To classify patients as having type 1 diabetes, the following con-
stellations needed to apply:

 ▪ An ICD-10 diagnosis of E10.- and no ICD-10 diagnosis of 
E11.- or E12.- and at least one prescription of insulin

 ▪ A combination of the ICD-10 diagnoses E10.- and E11.-/
E12.- and prescriptions of insulin without prescriptions of 
other antidiabetic drugs.

Patients who had an ICD-10 diagnosis of E13.- without an ICD-10 
diagnosis of E10.- or E11.- were classified as “type 3 diabetes” 
(other specified type) and patients who had an ICD-10 diagnosis 
of E14.- without an ICD-10 diagnosis of E10.- to E13.- and with pre-
scriptions of insulin without prescriptions of other antidiabetic 
drugs were classified as having an “unspecified type of diabetes”.

3. Classification of patients into medication groups
In early benefit assessments, the target population in type 2 dia-
betes consists of the following groups:

 ▪ Patients with antidiabetic monotherapy (e. g. metformin)
 ▪ Dual fixed- or loose-dose combination therapy (e. g. metform-

in + another oral antidiabetic )
 ▪ Triple or more combination therapy.

If insulin is part of the therapy regimen, a separate classification of 
patients takes place:

 ▪ Monotherapy with insulin
 ▪ Dual combination therapy with insulin as a combination drug
 ▪ Triple or more combination therapy with insulin as a combina-

tion drug

Patients treated continuously with one antidiabetic drug in the 
course of the reference year 2013 can simply be classified as pa-
tients receiving monotherapy. However, difficulties arise with the 
documentation of prescriptions of 2 (or more) different antidiabet-
ic drugs within the reference year. As packages of antidiabetic drugs 
can contain different numbers of tablets with different dosages 
(and different dosages can be prescribed for different patients), 
packages can last for different treatment periods. In combination 
therapy, recurrent prescriptions are therefore not necessarily is-
sued on the same day. In this case, it is difficult to distinguish be-
tween patients with a dual combination therapy and patients with 
a trial therapy (e. g. the drug was changed immediately after initia-
tion because of intolerance) or patients with a switch from one 
monotherapy to another after a longer period of time. We there-
fore decided to take the individual last date of the prescription of 
an antidiabetic drug and then look for a previous prescription with-
in the same group of drugs (▶Table 4) in the course of the refer-

M2Q
ICD-10 E10 – E14

1 x ICD-10 E10 – E14 +
ATC A10

2 x ATC on 2 days, w/o
exclusion ICD-10 diagnosis

patients with diabetes mellitus

ICD-10 E10 ICD-10 E11/E12
ICD-10 E10 +

E11/E12
w/o ICD-10

E10– E13
ICD-10 E13

w/o E10/E11/E12

ADT

insulin

type 1 type 2 unspecified type „type 3“

yes

yesyes

yes

no

no

no no

1 2 3 4 5

insulin

ADT

▶fig. 1 Flowchart for the classification of patients according to their type of diabetes. ADT = other antidiabetic drugs than insulin.
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ence year (validation of prescriptions). With the documentation of 
another prescription of an antidiabetic drug that belonged to the 
same group of drugs in this period, the patient was classified in the 
therapeutic group according to his/her medication. If no further 
prescription of an antidiabetic drug belonging to the same group 
of drugs existed in the given period, the patient was not included. 
By this method of validation of the prescriptions, we only included 
continuously treated patients. In respect of insulin, we separately 
considered treatment with basal, bolus and inhaled insulin as well 
as the fixed-dose combination of basal and bolus insulin (premixed 
insulin). By doing this, we were able to distinguish between differ-
ent treatment regimens such as conventional therapy (CT – fixed-
dose combination of basal and bolus insulin) and intensified con-
ventional therapy (ICT – loose-dose combination of basal and bolus 
insulin).

To determine the appropriate period for validation, we chose a 
data-based approach: Within our test database, we analysed dif-
ferent periods (from 30 to 365 days before the last prescription). 
The median period was 90 to 100 days before the last individual 
prescription. Within a 90-day period, up to 75 % of the recurrent 
prescription cases would be covered; in a 180-day period, it would 
be over 90 %. The results of the 365-day period showed little differ-
ence from results of the 180-day period. To cover 100 % of all cases 
with a recurrent prescription, a 2-year period would be necessary. 
We decided to work with the 180-day period, as it covered the vast 
majority of recurrent prescriptions within one year. This allowed us 
to use data solely from the reference year 2013, thus avoiding in-
consistencies of methodological approaches.

By proceeding this way, we classified patients with continuous 
prescriptions of one group of antidiabetic drugs as patients with 
monotherapy, while patients with continuous prescriptions of 2 
groups of antidiabetic drugs received the classification as patients 
with dual combination therapy, and so forth.

Data processing at DIMDI
Based on the above considerations, the expert for routine data anal-
yses (PMV) developed the database query, which was subsequent-
ly submitted to DIMDI. Both project partners, IQWiG and PMV, 
made use of the possibility to apply as partners. This allowed us to 

share technical information between all involved institutions 
(IQWiG, PMV, DIMDI) during the data processing procedure. As only 
information on the drug ID code (“Pharmazentralnummer”, PZN) 
is available in the DIMDI DaTraV database, we obtained permission 
from the Research Institute of the Local Health Care Funds (WidO) 
to use their main drug database of the year 2013, containing infor-
mation on the relationship between the ATC and PZN codes. DIMDI 
screened the resulting tables created by the analysis scripts (writ-
ten in Structured Query Language, SQL) to ensure the anonymity 
of the SHI members. As mentioned previously, no results were 
available for groups with fewer than 30 cases in at least one cell of 
the tables. The project partners (IQWiG and PMV) checked the pre-
liminary results twice at the DIMDI guest workstation. Through this 
review, it was possible to assess whether an additional aggregation 
of the data due to data protection issues and revision of the script 
was required.

Discussion
The main aim of our study was to explore whether routine data 
from German statutory SHI funds is a sufficient basis to derive in-
formation on the size of the target population in type 2 diabetes, 
while excluding patients with other types of diabetes and catego-
rizing those with type 2 diabetes according to their medication. 
Moreover, the study was conducted to obtain deeper insight into 
the specific methodological challenges and their impact on the size 
of the target population.

In contrast to other diabetes studies, which focus primarily on 
the determination of the prevalence and incidence of diabetes mel-
litus (e. g. [11, 12]) we considered not only the diagnosis, but also 
the antidiabetic medication of the patients as selection criteria. By 
combining ICD diagnoses and medication, we tried to detect as 
many patients with diabetes as possible. To reduce misclassifica-
tions, some indications were regarded as exclusion criteria, name-
ly indications in which patients do not seem to suffer from diabe-
tes, but still receive an antidiabetic medication. Based on their an-
tidiabetic therapy we also classified some patients as having 
diabetes even if they did not have a corresponding ICD diagnosis. 
Even under considering the exclusion criteria, this could still be a 
source of overestimation of patient numbers.

It was possible to develop a methodological approach that al-
lowed categorizing patients with type 2 diabetes into respective 
medication groups according to their prescriptions. For the target 
population, only patients with type 2 diabetes and continuous ther-
apy were eligible. Moreover, the target population referred to ex-
actly one year. We therefore decided to use only information in the 
database from the year 2013. This approach implies that persons 
who terminated their SHI membership in 2013 are not included in 
our dataset, as automatic deletion of such data from the DIMDI 
DaTraV database takes place in the year of termination. To obtain 
information on the number and treatment of these persons in the 
year 2013, information from the previous year 2012 would have 
been required. We decided against this approach, as in 2012 chang-
es to the ATC classification were made, which would have led to 
methodological problems. Moreover, the classification of patients 
into the medication groups (individual last prescription and anoth-
er prescription within the same group of drugs within 180 days be-

▶Table 4 Groups of anti-diabetic drugs that are considered in the ap-
proach of the individual last prescription.

group of drug ATC codes

Insulins A10A-

 Bolus insulin A10AB

   Basal insulin A10AC, A10AE

 Premixed insulin A10AD

 Inhaled insulin A10AF

Metformin A10BA02-A10BD03, − 05, − 07,− 08, − 10

Sulfonylureas A10BB-A10BD04, − 06, − 15

DPP-4 inhibitors A10BH-A10BD07, − 08, − 10

Glinides A10BX02, − 03

SGLT2 inhibitors A10BX09

Thiazolidinediones A10BG02, − 03 A10BD03 to 06

GLP-1 receptor agonists A10BX04,  − 07,  − 10

Other antidiabetic drugs A10BF01,  − 02
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fore the last prescription) only refers to a one-year period and does 
not consider information from the previous year.

The fact that SHI members with a terminated membership in 
the year analysed were not included in the medication groups im-
plies that there will be some underestimation of the size of the tar-
get population. The reason for this is that the prevalence of diabe-
tes might have been higher in these patients than in the remaining 
SHI members. An underestimation could also occur from our ap-
proach to take the individual last prescription and look for another 
prescription within the same group of drugs within the course of 
the year. This implies exclusion of incident patients diagnosed in 
the last quarter, as no further diagnosis or prescription of an anti-
diabetic drug was available. In total, the results on the numbers of 
patients in the medication groups were largely consistent with the 
findings in company dossiers submitted to the G-BA [2] . Accord-
ing to our diabetologist, they are plausible from a medical point of 
view.

Compared to other routine data sources, the DIMDI DaTraV da-
tabase has the advantage of including information on all SHI fund 
members in Germany [6]. No information is lost when persons 
switch from one SHI fund to another. Moreover, no adjustments of 
the results are necessary to ensure appropriate distributions of key 
parameters such as age and sex. This would have been necessary 
with the use of data from only one SHI fund.

Limitations arise from the fact that pharmaceutical companies 
have no authorization to access the DaTraV data: they cannot use 
the DaTraV data for early benefit assessments on their own. Further 
limitations relating to most types of routine data analyses apply: 
Without further detailed medical information, only diagnosed pa-
tients can be identified, while no information on the estimated 
number of unknown cases with diabetes is available. Moreover, the 
data on ICD diagnoses, medications, dates for doctor’s appoint-
ments and prescriptions can contain mistakes. These arise, among 
other things, from coding procedures and different standards for 
defining the type of diabetes. Results based on the DIMDI DaTraV 
database therefore reflect more real-world situations. We tried to 
address these problems by implementing validation steps; howev-
er, it is still possible that some patients were wrongly included in 
our dataset.

Generation of the DIMDI DaTraV database is based on the data 
of the Morbi-RSA and contains only a selection of SHI data [6]. It 
therefore contains information more relevant to costs than to med-
ical aspects. Information about inpatient and outpatient care is re-
stricted as, for example, no information is available about compen-
sations concerning the so called German Uniform Assessment 
Standard (“Einheitlicher Bewertungsmaßstab”, EBM) or Diagnosis 
Related Groups (DRG) [6]. Nevertheless, the information on the in-
dication of diabetes available in the database was sufficient to de-
termine the target population. Further limitations can arise with 
the use of the DIMDI DaTraV database for other indications: Be-
cause of the restricted actuality, the database is more suited to de-
rive information about the target population in indications with a 
relatively constant incidence and prevalence over the years. For 
some indications, a more detailed medical information (e. g. blood 
parameters, histology, stages of disease) or accounting informa-
tion (EBM or DRG numbers) could be necessary. Therefore, the use-
fulness of the DIMDI DaTraV database to determine the target pop-

ulation in early benefit assessments is restricted only to certain in-
dications.

In summary, DIMDI data are a valuable source for obtaining in-
formation on the target population in type 2 diabetes in early ben-
efit assessments. The methodological approach seems to be suit-
ed to determine the target population in type 2 diabetes. For the 
comparison of routine data analyses within the same indication, a 
detailed and standardized description of the methodological ap-
proach is important [13].
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